Two new isostructural M(II) (M = Ni, Co) complexes with 2,2'-dipyridylamine (dipya) and dianion of terephthalic acid (H 2 tpht), [M(dipya) network. The stabilization of 3D structure is accomplished by non-covalent face to face π-π interactions among pyridyl ring of dipya and benzene ring of tpht from adjacent chains. Towards the applied magnetic field, the both complexes exhibited almost perfect paramagnetic behavior.
Introduction
The design and synthesis of mixed-ligand coordination compounds are of great significance in modern inorganic chemistry, which arise from their potential applications as functional materials and fascinating variety of topologies. 1 Concerning such topologies and functional properties, the essential step is to use the appropriate organic building units as well as metal ions. The anion of 1,4-benzenedicarboxylic (terephthalic, H 2 tpht) acid, as one out of three positional isomers of benzenedicarboxylic (BDC) acids, is widely used as bridging ligand for designing new metal-organic compounds, 2,3 especially due to its diversity of the coordination modes, high structural stability, rigidity and planarity. Earlier studies 4, 5 have vigorously stated that the usage of tpht ligand in combination with aromatic diamines as secondary ligands could afford a wide range of intriguing multi-dimensional structures with transition metal (TM) ions. The interest in tpht complexes is related to the molecular magnetism, and most published articles were focused on Cu(II) complexes and their magnetic properties together with an orbital interpretation of the magnetic exchange mechanism. [5] [6] [7] [8] [9] 2,2'-Dipyridylamine (dipya) as aromatic diamine ligand was not frequently used in combination with tpht. The survey of CSD showed 10 that only seven dipya-tpht complexes with different TM ions as nodes are structurally 4 ](tpht), tpht was a counter anion. The role of tpht as counter anion as well as the hydrogen bond acceptor is not uncommon and it was described earlier for some TM-tpht complexes. [16] [17] [18] [19] [20] [21] As a continuation of our ongoing studies on ternary TM complexes with tpht ions and some aromatic diamines, we present here the synthesis, crystal structure, thermal and magnetic properties of two new coordination compounds, with general formula
Experimental

1. Materials and Measurements
Beside dipya and 1,10-phenanthroline (phen) which were of purum quality, all reagents were of analytical grade and used without further purification. Ni(NO 3 ) 2 • 6H 2 O, Co(NO 3 ) 2 • 6H 2 O and phen were purchased from Merck (Germany). Mn(NO 3 ) 2 • 6H 2 O was supplied by Carlo Erba (Italia), while dipya and EtOH were supplied by SigmaAldrich (USA). NaOH and H 2 tpht were purchased by Alkaloid (Macedonia) and Ventron (United Kingdom), respectively.
FTIR spectra were recorded on a Bomem MB-100, Hartmann Braun FTIR spectrophotometer (4000-400 cm -1 region) using KBr pellets. Thermal properties of the complexes were examined from room temperature up to 1100 °C on an SDT Q600 TGA/DSC instrument (TA Instruments). The heating rate was 10 °C min -1 using less than 10 mg sample mass. The furnace atmosphere consisted of dry nitrogen at a flow rate of 100 cm 3 min -1
. X-ray powder diffraction (XRPD) data were collected over the range 5° < 2θ < 80° (step scan: 0.50 s, step width: 0.02° 2θ) at room temperature using an Ital Structure APD2000 X-ray diffractometer with Cu Kα radiation (λ = 1.5418 Å). The phase purity of the products after thermal decomposition of the complexes is confirmed by comparison of the XRPD data to the JCPDS cards. Magnetic properties were studied between 2 and 300 K in a magnetic field of H = 1000 Oe and at a constant temperature of 5 K between H = ± 50 kOe with a Quantum Design MPMS-XL-5 SQUID magnetometer. The measured data were corrected for a sample holder contribution and for a temperature independent Larmor diamagnetism of core electrons obtained from Pascal's tables. 22 
Synthesis of [Ni
The synthesis of the complex 1 has been an attempt to obtain Ni-tpht complex with two N,N-donor ligands, dipya and 1,10-phenanthroline (phen), in the same structure. Into an aqueous solution of Ni(NO 3 ) 2 • 6H 2 O (0.291 g, 1.00 mmol) in 100 mL of water a mixed solution of dipya (0.171 g, 1.00 mmol) and phen (0.198 g, 1.00 mmol) in 15 mL of EtOH was added. Then, the 50 mL of an aqueous solution of Na 2 tpht (0.208 g, 1.00 mmol) was added drop wise at room temperature under continuous magnetic stirring. The final solution was transferred to a crystallization dish and left under ambient conditions for slow evaporation. The violet single crystals of suitable size, insoluble in water, ethanol and DMSO, were obtained after 15 days. Single-crystal XRD analysis confirmed that dipya is the only N,N-donor ligand in the complex 1. Yield: 42 %; FTIR (cm 
3. Synthesis of [Co(dipya) 2 (H 2 O) 2 ](tpht) • 2H 2 O, (2)
The synthesis of the complex 2 has been an attempt to obtain a heterometallic Mn-Co complex with tpht and dipya ligands. 
4. X-ray Structure Determination of 1 and 2
Single-crystal X-ray diffraction data for 1 and 2 were collected at room temperature (298 K) on an Oxford Gemini S diffractometer equipped with CCD detector using monochromatized Mo Kα radiation (λ = 0.71073 Å). Intensities were corrected for absorption using the multiscan method. Because of the dimensions of the single crystal 1 (Table 1) , additional Gaussian correction for absorption was applied. The structures were solved by direct methods using SIR2014 23 and refined on F 2 by full-matrix least-squares using the programs SHELXL-2014/7 24 and WinGX. 25 All non-hydrogen atoms were refined anisotropically. Positions of the H atoms connected to C and N atoms were calculated on geometric criteria and refined using the riding model with U iso = 1.2U eq (C, N). In both structures, one water molecule was disordered with congener atoms, O8A and O8B, having about 60 and 40% site occupancies. Water H atoms for O1 and O2 were found in ΔF maps. Water H atoms for O8A and O8B were also found in ΔF maps and refined with O-H distances restrained to 0.85 Å. Positions of water H atoms for O7 were calculated using the program HYDROGEN 26 and added to the structural model before the final cycle of refinement with fixed coordinates and with U iso (H) = 1.5U eq (O). For water H34 atom in 1 and H33 atom in 2 were not possible to identify suitable hydrogen bond acceptors. Selected crystal data and refinement results for 1 and 2 are listed in Table 1 .
Results and Discussion
1. Description of the Crystal Structures
According to the single-crystal X-ray diffraction analysis, complexes 1 and 2 crystallize in the monoclinic P2/c space group. The solid-state structures consist of indi-
2+ entities, two counter tpht 2- ions and two lattice water molecules (Figures 1 and S1 ). Due to the isostructurality of the structures, only the figures related to 1 will be presented in the manuscript. The geometry around the M(II) center is distorted octahedral with three N atoms (N1, N2 and N5) from two chelate dipya ligands and O1 atom from one water molecule in equatorial plane, while N4 atom from dipya and O2 atom from another water molecule occupy the apical positions. The bond lengths and angles (Table 2) are as expected for dipya-tpht TM complexes with octahedral environment. [11] [12] [13] [14] The deviation of M(II) atom from planarity of the equatorial plane is not substantial, being 0.0024(6) Å for 1 and only 0.0011(6) Å for 2, while the shortest M(II)···M(II) distances are 7.660(2) and 7.664(2) Å in 1 and 2, respectively. The similar [M(dipya) 2 27 but with slightly smaller deviation of Co(II) atom from the basal plane of polyhedron (0.009 Å).
Since the crystallographic inversion centers coincide with the centers of both tpht aromatic rings, only a half of each tpht ion belongs to the asymmetric unit. In the packing, the dihedral angle between two tpht aromatic rings amounts 74.3(1)° in 1 and 75.1(1)° in 2. The deviation from planarity of tpht ligands is noticeable with the angle between C26-C28 ring and adjacent COO group of 25.6(2)° in 1 and 26.0(2)° in 2, while the analogous angle for C22-C24 ring is 18.6(1)° in both complexes. As it was mentioned in the introduction, in TM-tpht complexes (containing at least one tpht as a counter anion) with different N,N-donor ligands, [16] [17] [18] [19] [20] [21] these angles were found to be in the range between 17.4 and 29.0°. The stabilization of the crystal lattices of 1 and 2 is achieved by the hydrogen bonds and non-covalent interactions. The hydrogen bond network (Table 3) includes all water molecules, all COO -groups and both dipya ligands as it is shown in Figures 2 and S2 . The analysis of the crystal packing in 1 and 2 manifested the difference in the position of the O7 water molecule that is in 2 shifted to the symmetry equivalent position relative to its position in 1. The network of hydrogen bonds permit the formation of three supramolecular chains along [100], [010] and [001] directions and thus forming 3D network. The centroid Cg···Cg distances found between C6-C10/N2 pyridyl ring of dipya and C22-C24 aromatic ring are 3.904(2) and 3.899(1) Å in 1 and 2, respectively. These distances indicate weak face to face π-π interactions (Figures 3 and S3) . 28 Furthermore, several C-H···O and one C-H···N interactions, which geometries are presented in Table S1 , form short contact clusters allowing additional networking in both structures. 
2. Thermal Properties
The dehydration of 1 is an endothermic process occurring in a single step up to 153 °C with a loss of four water molecules (found 11.4%, calc. 11.3%) (Figure 4) . The determined enthalpy of dehydration obtained by integration of DSC peak area is 218 kJ mol -1 , and it is in a good agreement with values that were already found for several similar ternary BDC complexes. 11, 29, 30 It was previously evaluated that average molar enthalpy per one hydrogen . 30 In 1, four water molecules participate in the formation of even nine hydrogen bonds, thus it can be conclude that molar enthalpy per one Ni-OH 2 coordinative bond is equal to 37 kJ mol -1 . Further degradation of complex happens in two temperature ranges, 153-336 °C and 336-1100 °C, with a loss of complete tpht anion (found 36.1%, calc. 37.1%) and two dipya molecules (found 90.3%, calc. 90.8%), respectively. The final residual mass 9.68% (calc. 9.21%) is in good agreement with the formation of pure Ni as a decomposition product, whose identity was verified by XRPD ( Figure S4 ). In inert atmosphere, the decomposition of TM complexes to pure metal is not unusual as it was proven in previous studies. 31, 32 The thermal behavior of 2 follows a very similar pattern, giving metallic Co as a final product (found 9.88%, calc. 9.24%, Figure S5 ). Both products obtained after decomposition of the complexes at 1100 °C were analyzed using XRPD (Figures S4 and S6 ) and the presence of Ni and Co for 1 and 2, respectively, was confirmed by comparing the XRPD patterns with standard cards.
Magnetic Properties
Temperature dependent susceptibility of 1 measured in a magnetic field of H = 1000 Oe is shown in Figure 5a . It follows a Curie-like 1/T dependence. Only a small deviation from a perfect paramagnetic behavior can be seen as a (9) 2.875 (9) 2.023 (9) 157 ( small decrease of the product χT below 10 K in otherwise temperature constant product χT (inset in Figure 5a ). The value of χT between 20 and 300 K is 1.2 emu K mol -1 , which falls in the expected range for uncoupled Ni(II) ion. 33 The magnetization curve of 1 at 5 K is presented in Figure 5b . The measured data can be excellently described with a Brillouin function (full green line) for spin S = 1 as expected for Ni(II).
Taking into account the constant χT for T > 20 K and paramagnetic behavior of isothermal magnetization, we ascribe the weak temperature variation of the product χT below 10 K to a zero-field splitting of Ni(II) ion with d 8 configuration in a distorted octahedral environment. The average susceptibility for polycrystalline sample χ = (χ z + 2χ x ) / 3 and g z = g x = g can be written as 22 (1) where N A is Avogadro number, µ B is Bohr magneton and D is zero-field splitting parameter. The result of fitting procedure (full line in inset in Figure 5a) Figure 6a shows the susceptibility for 2 in a temperature range from 2 to 300 K. The Curie-Weiss fit χ = C / (T -θ) was performed on the data for T > 100 K. The obtained Curie constant, C = 4.6 emu K mol -1 , is in the range for Co(II) ions with a total electronic spin angular momentum S = 3/2 and a non-zero contribution of total orbital angular moment L. 33 The negative Curie-Weiss temperature θ = -7.9 K is in agreement with the reduction of the product χT (inset in Figure 6a ) with decreasing temperature. The negative θ can be an indication of a weak antiferromagnetic interaction between magnetic moments or the result of a single ion effects (L-S coupling of Co(II) ions 34 in distorted octahedral environment and zero-field splitting). As the isothermal magnetization (Figure 6b ) perfectly follows the Brillouin function for isolated ions with no indication of antiferromagnetic interaction, we contribute the negative θ and reduction of the product χT with decreasing temperature to the combined effect of L-S coupling and zero-field splitting of non-interacting Co(II) ions. by ligand exchange reaction. The compounds are structurally characterized and their spectral, thermal and magnetic properties were determined. Single crystal X-ray analysis revealed that the geometry around M(II) ions is deformed octahedral, while the supramolecular packing is achieved by the combination of hydrogen bonds, π-π, C-H···O and C-H···N interactions. Thermal decomposition of both complexes up to 1100 °C yielded pure metals. The temperature dependent magnetic susceptibility data indicated that there were not magnetic interaction between M(II) ions. The contribution of the L-S coupling is observed with parameters g and D of 2.19 and 3.6 cm -1 , respectively, for 1 and θ of -7.9 K for 2.
Conclusion
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Appendix A. Supplementary Materials
CCDC 1539377 and 1539378 contain the supplementary crystallographic data for compounds 1 and 2. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam. ac.uk/data_request/cif. Supplementary data associated with this article can be found, in the online version.
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